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Large scale separation
of pure fullerenes

Fullerene Chemistry
CSO C70
(24 Smin) (26.1min)

' Kl, [18]-crown-6,

toluene, reflux - [<I } Ceg

polystyrene as stationary phase Diels-Alder-reactions

A. Gugel, K. Mllen, at al. Angew. Chem. 1992, 104, 666.
SCA P. Belik, A. Gugel, J. Spikermann, K. Mtllen, Angew. Chem. 1993, 105, 95
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Fullerenes

a2 )
101.6° [A] g\ 0
s B T

2') Cego - adduct (sp3)

Ceo ('sp
\_ J

—>» relief of strain energy by about 10 kcal/mol per double bond
—® reactive outer surface, rich exohedral addition chemistry

A\ /A
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Fullerenes

R = broad variety of groups including functional units
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Fullerenes
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Fullerenes

trans-2

<«— parent disubstituted porphyrin shortest interplanar MM3-distance 2.9 A
t 400 -
s
£ 300 -
5 <— conjugate Photoiduced electron transfer
] 2001 porphyrine to fullerene
- back electron transfer: Marcus-Inverted region
100 - :
| Tioluene- 619 pS
O i T T T T T T T T T 1 1 ‘4//—\-\‘ T ! I ! TTHF: 385 pS
250 300 350 400 450 500 550 600 650 700 Tmethylenechloride: 121 PS

SCA H Thenzonitrile- 38 PS

Synthetic Carbon Allotropes SFB953 13




Fullerenes




Fullerenes

binding motifs
in Cg, based dyads

covalent

SCA H-bonding

Synthetic Carbon Allotrapes SFB95 15




Heterofullerenes

R =CgN, H, Ar,
O

I
P C\Rl
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Heterofullerenes

SCA T v/ /77—
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Fullerenes

i

CsoN* - A key intermediate for azaheterofullerene functionalization:

o+
Br. N; Br -
2 [AQ(CBllH6C|6)2| + (CsoN)2
Br Br Br Br
\ODCB ©
B B
NN r
2’C59N”A9(CBllH6C|6)ZI + 2 O O
Br Br Br Br

MULLIKEN-Partialladung ( \

9 N

< 0.050

Qo 0.001

Q 0.079

Q -0.047
( ] 0.159
|

S . 19
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Fullerenes

/ : /

octahedral topology within Cg, hexakisadduct
T,, symmetrical addition pattern
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Globular Heptafullerenes

defined oligoelectrolyte
with 60 positive charges!

TFA

> R= A~~~ NH;*CF3C00"
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The World of Carbon
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CNT-Functionalization S

Non Covalent
Functionalization

SWCNT

Defect Group Functionalization

< -

Endohedral Functionalization
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Side Wall Reactivity

I H radical 100 -

100 1 F radical |
80- 801
g 60 60 -
T .
£
T 401 40 ~
m ] MM* ] B3LYP/6-31G*
20 - 20
04 -|-|-|-|-._‘ O‘ —T - 1 - 1 1 1 71 1
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
Ceo Coo

(n,n) SWCNT (n,n) SWCNT
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Side Wall Reactivity S e

® the diameter of a (5,5) tube (6.7 A) can
be compared to the the diameter of
Ceo (7.1 A)

Pyramidalization Angle:

®P ™ (@)cn_go)c

@® CNT sidewalls are bent in 1D in contrast
to the 2D curvature of Cg,

TRIGONAL TETRAHEDRAL
O, = 90 0, =109.47 ) (5,5): 0@, =6.0°
Ceo: ©,=11.6°
® Only the smallest (and probably unstable)
©p= 0 ®p = 19.47 a (2,2) (2.75 A) tube has a higher

pyramidalization angle than Cg,
a) diagram of pyramidalization angle

b) m-orbital misalingnment angle

St Ottt =

PO} Sz P £y
N ) S
AN
_ SN Lelp iy

m=) end cap reactivity is higher
than side wall reactivity!!!

=~

A

Reactivity
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Alkylation of SWNTs

SCA

Synthetic Carbon Allotropes SFB953




= o FRIEDRICH-ALEXANDER
= UNIVERSITAT _
ERLANGEN-NURNBERG

(9,3)

ﬁ Ae= 532 nm (metallic)

I/ a.u.
1/ a.u.

—— pristine SWNTs
—— n-Bu-SWNTs (n-BulLi)
— t-Bu-SWNTs (t-BulL.i)

. . : | e . . . — ® reactivity inversely
100 150 200 250 300 1200 1300 1400 1500 1600  nronortional to diameter

Raman shift / cm™
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HOOC COOH HOOC COOH

HN
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HOOC H N i i HOOC

J 0 “ Nonpolar Chain
HOOC HN s 3 HOOC MN \ / N
HOOCJKRCOOH HOOC

HOOC
Solvophylic Moiety
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Dispersion Behavior
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— HiPco SDBS
—— HiPco-Per3
084 M —— HiPco-Per3 + SDBS Pure Per, pH = 7
*- I wgw
L — 713 *pery ene transition
0,7 - ____—nn -perylene transition HiPco-Per, pH = 7
B
M
Q 0.6+ HiPco-Per, pH =10
c
8 Perl Per2 Per3 Per5 Per6
S 0,5+
'2: » Red-shift of CNT spectral absorption features (VHS)
04 compared to SDBS except for Per6 = micellar adsorption
» Larger amount of nanotubes stably dispersed after
03 centrifugation for pH = 10 compared to pH =7
Perl | Per2 | Per3 | Per5 | Per6 | SDBS ESIblE3S)
(0.1g/) | (0.1g/M) | (0.1g/l) | (0.2g/) | (0.1g/1) | (0.1g/) [EKISTA))
0,2-1t4+— — —
400 600 800 1000 1200 pH=7 33% 23% 34% 31% 18% goi 68 %
Wavelength [nm]
PH=" 6606 3006 73% 73% 33% | e 69%
10 Det.
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Pc;lycyclic
Aromatic
Unit
HOOC
COOH
COOH (L A A
HooC, 4 B
0 H (o) (0] A ML O
H , : 25N,
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The Top Down Approach

Oxidation

Grapheneoxide
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;§tarting with Graphene Madels o

COMMUNICATION www.rsc.org/chemcomm | ChemComm

Exfoliation of hexa-peri-hexabenzocoronene in water 1

Jan M. Englert,” Frank Hauke,” Xingliang Feng,” Klaus Miillen” and Andreas Hirsch**
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HOOC COOH
Hooc— { H ! 0 H ) ~COOH
NM‘N 8@8 NW\IfN
o o 5 o
HOOC COOH
After ultrasonication After centrifugation

110
SRur 3-On, S | Sam 3-ln
o, ‘ 50M1'ﬂ u/lll

Seenr 34 oy 3-dy)
afder i fifter coutd

| |

S CA Csurf, sum — 103 M
SC: Per=1:1 mol
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Dispersion in Water A o

H COOH

COOH

Intensity [a.u.]

Iy
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Raman shift [cm™]

T
1600



Deposition on Si/SiO, 2 B

normalized Raman intensity/ a.u.
S

prord Nt N2

1300 1400 1500 1600

Raman shift/ cm1

s | b)

©

>

2

£ | multi layer

:

& FLG 3

T’ 3

& 27.3cm

£ SLG 2
] H N g no graphite/graphene 1

e e T e e, (e e el ]
S c A 2500 2600 2700 2800
Raman shift/ cm1
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Reduction — Arylation
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Deposition — Raman Spectroscopy
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Thermogravimetric Analysis 2 GRS

2
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o8 06 o
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200 4
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drogenation: Towards Graphane £ G

production
hydrogen plasma
hydrogen + heat + pressure

hydrogen + catalysator + pressure
chemical hydrogenation? hydrogen plasma

Q.Z.S. Flores et al., Nanotech., 2009, 20, 465704; D. Martindale, Discover Magazine, 2002; J.O. Sofo et al., Phys. Rev. B, 2007, 75, 153401
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